Mycobacterium phlei contains two catalase activities and a single peroxidase activity. The latter is associated with one of the catalases. The single catalaseperoxidase enzyme accounted for 75% of the total catalase activity and was lost upon acquisition of resistance to the antitubercular drug isoniazid (INH). Heattreated (68°C) A loss of catalase-peroxidase activity has been consistently observed in Mycobacterium tuberculosis upon acquisition of resistance to isoniazid (INH) (9). However, the precise role of catalase and/or peroxidase in the mechanism of action of the drug remains obscure. It is of further interest that atypical and saprophytic mycobacteria may generally be considered clinically resistant to INH because they require higher minimal inhibitory concentrations than does M. tuberculosis (18). As a result, the antimicrobial therapy of atypical mycobacterial infections is a serious problem.
A loss of catalase-peroxidase activity has been consistently observed in Mycobacterium tuberculosis upon acquisition of resistance to isoniazid (INH) (9) . However, the precise role of catalase and/or peroxidase in the mechanism of action of the drug remains obscure. It is of further interest that atypical and saprophytic mycobacteria may generally be considered clinically resistant to INH because they require higher minimal inhibitory concentrations than does M. tuberculosis (18) . As a result, the antimicrobial therapy of atypical mycobacterial infections is a serious problem.
Most of the saprophytic and atypical mycobacteria show only a partial loss of catalase activity but complete loss of peroxidase upon acquiring resistance to INH (17, 18) . M. tuberculosis possesses a single heat-labile catalase in which also resides peroxidase activity, as demonstrated by polyacrylamide gel electrophoresis and association of both activities during purification (4, 5) . Atypical and saprophytic mycobacteria possess two catalases, one of which is heat labile and lost upon acquisition of resistance to INH (1, 12) . Catalase activity in cellfree extracts ofM. tuberculosis has been shown to be inhibited by nearly 100%, whereas in saprophytic or atypical mycobacteria only 70% inhibition has been attained (5, 7, 16 Acrylamide gel electrophoresis. Acrylamide gels, 100 mm in length, were prepared by a modification of the method of Weber and Osborn (14) . The gels were prepared in sodium phosphate buffer without the addition of sodium dodecyl sulfate. Stacking gels were not used. The particle-free extracts were made 0.2 M with respect to sucrose. Bromophenol blue was added, and a 100-sLI sample of the mixture was layered on the acrylamide gels under sodium phosphate buffer. Electrophoresis was performed in the cold at 4 mA per gel for 20 h. Location of the catalase-active areas on acrylamide gels was determined by the technique previously described by Gruft and Gaafar (6) , except that gels incubated with INH were immersed in 1 (1) .
With regard to peroxidase, the data in Table  1 show that either heat treatment ofM. phlei at 68°C or acquisition of resistance to INH causes a complete loss of peroxidase activity. Devi et al. (4) and Diaz Fig. 1 , the catalase activity in the sonic extract of the wild type was inhibited up to 75% by concentrations of INH between 10-3 and 0.1 M. No further inhibition of the 25% residual activity was observed at INH levels above 0.1 M. The maximal inhibitory level of INH could be reduced 100-fold in the presence of 0.05 M CuSO4 (Fig. 1) . It is of interest that the same effects obtained for INH were observed with nicotinic acid hydrazide (NAH) and benzoic acid hydrazide (BZH). All of these findings support those of Hawkins and Steenken (7). However, maleic acid hydrazide had no inhibitory effect. The residual activity observed in the presence of high levels of INH (0.1 M) was shown to be enzymatic since it was destroyed upon boiling and, as shown in Figure   1B , demonstrated linear rate kinetics as a function of enzyme concentration. Neither the activity of the Inhr strain nor the residual activity of heat-treated wild-type cells was inhibited by any (Fig. 1) .
Isoniazid concentrations as low as 10-M totally inhibited the peroxidase activity of the wild-type strain. Controls containing the hydrogen donor, O-dianisidine, and INH in the presence of H202 were included to rule out the possible nonspecific interference between INH and the hydrogen donor. NAH inhibited peroxidase as well as INH at 10-3 M levels. Since 0.1 M INH is required to give maximal'inhibition of catalase, these data indicate that M. phlei peroxidase activity is considerably more susceptible to INH than is catalase with regard to both drug concentration and degree of inhibition.
Comparison on acrylamide gels of catalase and peroxidase activities from INH-susceptible and -resistant M. phlei. Two catalases have been demonstrated on acrylamide gels in a number of atypical and saprophytic mycobacterial species (1, 6) ; however, only a single catalase enzyme has been shown for the highly INH-susceptible species M. tuberculosis and M. bovis (13) .
Comparison of the bands of catalase activity on acrylamide gels from wild-type, heat-treated wild-type, and Inhr M. phlei cell-free extracts can be seen in Fig. 2 . Two bands of catalase activity (A and B) appeared in the wild-type extract, whereas, a single band was found in the Inhr extract, the latter corresponding to the more rapidly migrating enzyme (B) from the wild type. Wild-type, heat-treated extracts contained only the single enzyme found in the Inhr strain. Incubation of the gels containing wildtype lysate with INH resulted in selective and complete inhibition of the slower migrating (A) band. No inhibition by INH of the faster migrating enzyme was detected, nor was there any INH inhibition of the catalase on the gels containing the heat-treated wild-type or Inhr extracts.
Further evidence that INH had no effect on the faster migrating catalase of the wild type was obtained by eluting the enzymes from the gels and quantitating the eluted activities.
It was also of interest to determine the location of peroxidase with regard to the two catalases of the wild type on acrylamide gels. As seen in Fig. 2 , the peroxidase activity corresponded to the slower migrating catalase enzyme (A). Further identification was observed when gels that had been used to develop the catalase assay were subsequently placed in a solution of the hydrogen donor O-dianisidine. The characteristic brownish band resulting from peroxidase activity appeared imposed on the clear zone, representing the slower migrating catalase enzyme (A) of the wild type. In addition, peroxidase activity could be demonstrated only after elution of band A.
Hence, these data corroborate the kinetic findings in Table 1 (3, 4) showed that the catalase-peroxidase of M. tuberculosis catalyzes a reaction between INH and NAD+ that results in the production of a colorless product, which turns yellow upon acidification (Y-enzyme reaction). Hence, it is proposed that the observed inhibition of the catalase-peroxidase by INH in M. phlei is an inconsequential but necessary effect for a similar reaction to occur, with the resulting product providing the impetus for the lethal action of the drug. In fact, the inhibition of the catalase-peroxidase by NAH and BZH, which are not considered to be lethal for mycobacteria, supports the consideration that the inhibitory interaction of INH with a catalase-peroxidase is the first step in a sequence leading to cell death. A plausible explanation in this regard for the observed BZH and NAH inhibition of the catalase-peroxidase is that, although they inhibit the catalase-peroxidase activity, they cannot be utilized in such a way to participate in the subsequent activities necessary for the lethal action of the drug. As previously proposed by Wimpenny (15) , an alternate explanation for the role of catalaseperoxidase in the mechanism of action of INH may be that the enzyme acts as a binding and/ or transport protein for INH. Once bound or inside the cell, the lethal manifestation may occur through inhibition of pathways such as mycolic acid synthesis, as proposed by Takayama (11) .
The basis for the differential in susceptibility to INH among the mycobacteria remains to be defined. The 
